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INTRODUCTION 
Nitrogen is a normal part of the human environment. 
Within the soiJ system , natural biolcgical processes uJ-
timately convert all forms of nitrogen to the nitrate ion . 
Excess amounts of soluble nitrate-nitrogen can ac-
cumulate in groundwater and in plants. Thus, there 
exists a possibility for humans and animals to ingest 
nitrate-nitrogen in greater quantities than metabolic 
systems can tolerate. 
State and University personnel are available to pro-
vide assistance to those concerned about nitrate prob-
lems. 
This publication provides concise and factual infor-
mation on the influence of excess nitrate on humans 
and animals and where to seek additional information 
on dealing with this situation. The contribution of all 
members of the Nitrate Task Force Committee on de-
velopment of this publication is acknowledged . 
Funds for the initial publication were provided as 
part of a grant from EPA Region VII through the 
Nebraska .Pepartment of Environmental Control. 
Throughout this publication the term nitrate-
nitrogen or its abbreviated form NOJ-N, which means 
nitrogen in the form of nitrate, will be used . Other ab-
breviations found will be N for nitrogen, NOJ for ni-
trate, N02 for nitrite , and N02-N for nitrite-nitrogen . 
For standardization, all concentrations of nitrate and 
nitrite will be given in terms of NOJ-N or N02-N. 
K. D. Frank, Chairman 
Nitrate Task Force Committee 
Cooperative Extension Service 
Institute of Agriculture and Natural Resources 
University of Nebraska-Lincoln 
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Nitrogen in Our Environment 
Gary W. Hergert 
Extension Specialist (Soils) 
George W. Rehm 
Extension Specialist (Soils) 
itrogen has a unique place in our environment. 
World-wide it is the plant nutrient most limiting for 
production of food and fiber. Throughout recorded 
history, man has always strived to add nitrogen to crops 
either by using animal manures, legume crops, or fer-
tilizers . By world standards , the inexpensive food 
.Americans enjoy can be largely attributed to the 
availability and use of nitrogen fertilizer. 
Basic to Environment 
Nitrogen is a basic part of our environment. It ac-
cumulates in soils during the process of soil formation. 
During the thousands of years of soil development ni-
trogen accumulated in soil from additions in rainfall 
and plant and microbial fixation of nitrogen gas from 
the atmosphere. Nitrogen accumulated in the soil or-
ganic matter which was produced from decaying plants 
and animal residues. 
Many of our virgin prairie soils contained four to six 
thousand pounds of organically bound nitrogen when 
they were first plowed. However, once a soil is tilled 
and crops are grown, the organic matter and nitrogen 
content start to decrease. 
The organic nitrogen in soils changes slowly to inor-
ganic nitrogen during the growing season at a rate of 
about 1 to 2 percent per year . Soils that once contained 
4 to 5 percent organic matter now contain 2 to 3 per-
cent organic matter after 50 years of continuous crop-
ping with no additions of nitrogen . Systems of agricul-
ture which rely heavily on nitrogen reserves in the soil 
to meet the nitrogen requirements of plants cannot be 
efficient in producing high yields of crops for a very 
long period of time. 
Slash and Burn 
The primitive slash and burn system, or the practice 
of shifting cultivation used in many tropical areas, can 
be productive without nitrogen fertilizer for a few years 
but new soil must be brought into production as the 
repeated cropping depletes the reserves of soil nitro-
gen. Old fields are allowed to return to native vegeta-
tion for several years to build up reserves of soil nitro-
gen . In years before commercial fertilizer was available 
farmers used crop rotations that included legumes to 
restore depleted nitrogen. 
The use of nitrogen fertilizer was a breakthrough for 
agriculture because it meant the same field could be 
farmed continuously for grain production and the soil 
organic matter level could be maintained or increased 
in many soils while crop yields remained high. 
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Although the large majority of the total amount of 
nitrogen in soils exists in organic forms, plants take up 
nitrogen in the mineral form as either nitrate (NOJ-) 
or ammonium (NH4+) ions. Most nitrogen used by 
plants is absorbed as the nitrate ion. Plants do not take 
up organic forms of nitrogen. This means that organic 
sources of nitrogen must be converted to the nitrate 
form of nitrogen before they can be used by plants. 
Several steps are needed in the conversion of organic 
nitrogen to nitrate-nitrogen and these are shown in 
what is called the nitrogen cycle. The general features 
of the nitrogen cycle are shown in Figure 1. 
Nitrogen that has potential for use ·by plants can 
enter this cycle at several points. Animal manures , 
compost, sewage sludge as well as legume crops are 
organic sources of nitrogen . Some nitrogen fertilizers 
already contain the nitrogen in the readily available 
nitrate form . The nitrogen in other types of fertilizers 
must be converted to the nitrate form. 
Once nitrogen is added to the soil as fertilizer nitro-
gen, crop residues, legumes or manures, it becomes part 
of the soil N system and some is eventually converted to 
nitrate-nitrogen as depicted by the N cycle. It's also 
important to point out that plants cannot distinguish 
between the original source of the nitrate-nitrogen it 
uses. The nitrate that results from the decomposition of 
manure, for example, is not different from the nitrate 
that comes from commercial fertilizer. 
The total amount of nitrate-nitrogen generated 
through the processes of the nitrogen cycle is not neces-
sarily used by plants. When the supply of nitrate-nitro-
gen is greater than the amount used by plants, there is 
an increased potential for accumulation of nitrate ni-
trogen and for loss of nitrogen from the system. 
Nitrate-Nitrogen Can Be Lost 
Nitrate-Nitrogen can be lost from the soil system by: 
a. leaching, b. denitrification, c. volatilization of nitro-
gen gases and tie-up by soil bacteria. Nebraskans are 
most concerned about losses due to leaching. Leaching 
is nothing more than the downward movement of ni-
trate-nitrogen through the soil with water. Leaching 
cannot occur if there is no downward movement of 
water. 
The potential for nitrogen leaching is not the same 
for all parts of Nebraska. Sandy soils are very perme-
able and will not hold much water. Other soils in the 
state will hold larger amounts of water. Therefore, the 
potential for leaching of nitrate-nitrogen is greater in 
our sandy soils , but can occur on our fine textured soils. 
The nitrate-nitrogen which moves downward 
through soils is not necessarily all derived from nitrogen 
fertilizers. The breakdown of organic sources of nitro-
gen through the processes of the nitrogen cycle also 
produces nitrate-nitrogen. This nitrate-nitrogen can 
move through the soils in the arne manner as nitrate-
nitrogen supplied as nitrogen fertilizers. Research in 
Nebraska has shown that large accumulations of ni-
trate-nitrogen occur several feet below the surface of 
some soils which have never been farmed or fertilized . 
This nitrate-nitrogen accumulated during the geologic 
past and has remained in the soil because of our rela-
tively dry climate. 
Since the downward movement of nitrate-nitrogen 
through the soils was probably taking place before the 
presence of man in Nebraska and will continue, it's 
unreasonable to expect that this movement can be 
stopped or eliminated . Man' s alteration of his environ-
ment to produce food , however, can increase the rate of 
this movement. There are , however, management 
practices which farmers can use to minimize the leach-
ing of large amounts of nitrate-nitrogen from irrigated 
soils-especially sandy soils. 
Prevent Excessive Leaching 
The control of two factors will prevent excessive 
leaching of nitrate-nitrogen in irrigated sandy soils. 
Leaching of nitrate can be reduced substantially if 
adequate, but not excessive, rates of nitrogen fertilizer 
are used. The choice of the rate of nitrogen doesn' t 
have to be left to chance. The practice of taking soil 
samples to a depth of at least three feet , combined with 
the selection of a realistic yield goal, can result in the 
selection of a rate of fertilizer nitrogen which will pro-
vide an adequate amount fqr maximum economic yield 
without supplying an excessive amount which would be 
subject to leaching. 
Remember, leaching cannot occur if there is no 
downward movement of water. We caqnot control the 
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amount of rainfall. We can , however, control the 
amount of water supplied through the irrigation sys-
tems. Research has shown that the practice of irrigation 
scheduling will substantially reduce the amount of 
water that moves through soils. These two factors-
proper nitrogen fertilizer rate based on a realistic yield 
goal and soil samples to at least three feet , plus im-
proved irrigation water management based on irriga-
tion cheduling-are the keys to slowing down and re-
ducing the amount of nitrate that moves to the ground-
water. 
It might appear that these management practices are 
too complex for use on a routine basis. However, many 
Nebraska farmers have shown that the use of these two 
practices is not difficult. In addition, yields have not 
been reduced when these ·practices are used. Farmers 
can use realistic yield goals for the soil and climate, soil 
testing for residual nitrate , irrigation scheduling, split 
application of nitrogen fertilizer , and nitrification in-
hibitors to obtain maximum use of fertilizer nitrogen 
without a reduction in yield while reducing the amount 
of nitrate that moves downward in the soil. 
Nitrates, Nitrites and Methemoglobinemia 
Richard Davis, M.D. 
U.N. Medical Center 
The hemoglobin of red blood cells serves as an oxy-
gen carrier for body tissues . To function in this capacity 
the iron in the hemoglobin molecule must be in the 
reduced or ferrous state. Oxidation of iron to the ferric 
state results in the formation of methemoglobin. 
Methemoglobin production occurs in normal individu-
als , but formation is counterbalanced by a more rapid 
reduction process. As a result, less than 1% of the total 
circulating hemoglobin in a healthy adult is present in 
the form of methemoglobin. The normal methemoglo-
bin concentration in healthy infants is 2 %. 
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In methemoglobinemia, the hemoglobin-methemo-
globin equilibrium is disturbed and methemoglobin ac-
cumulates as a brown pigment in the red cells, causing 
anoxemia and cyanosis (anoxemia is lack of oxygen 
supplied to tissues; cyanosis is blueness due to oxygen 
lack). Methemoglobinemia may arise as the result of a 
hereditary enzyme deficiency (1) a structural defect in 
the hemoglobin molecule, or a toxic sub tance which 
either oxidizes hemoglobin directly or facilitates its oxi-
dation by molecular oxygen . The primary health hazard 
from nitrates relates to their potential for reduction to 
nitrites. Nitrites, chlorates, quinones, sulfonamides, and 
aromatic amino and nitro compounds oxidize hemoglo-
bin. 
Nitrate in Drinking Water 
Methemoglobinemia resulting from high nitrate con-
centrations in drinking water was first clinically recog-
nized by Comly in 1945 (2). Drinking water may con-
tain high concentrations of nitrogen salts as the result of 
pollution by organic materials or inorganic chemical 
fertilizers. The majority of reported cases have been in 
infants under the age of four months (3 , 4) . 
Nitrates are usually absorbed before reaching the ni-
trate-reducing bacteria which commonly reside in the 
·lower GI tract. The increased susceptibility of infants 
may be related to the lack of acidity in the gastric juices 
of newborns which allows nitrate-reducing bacteria to 
flourish in the upper GI tract as well. When nitrates are 
introduced directly into the colon, methemoglobinemia 
is readily produced (5). Most cases of infant methemo-
globinemia due to contaminated water have been asso-
ciated with nitrate concentrations (as NO J) in excess of 
40 ppm. As a result, the U.S. Public Health Service and 
the World Health Organization have recommended 
drinking water standards of not greater than 45 ppm 
(6) . Remember 45 ppm NO J equals 10 ppm NOJ-N. 
One case of adult methemoglobinemia due to con-
taminated water has been reported . The water , which 
contained 94 ppm (as NOJ-N) was being used by the 
patient in home dialysis. Methemoglobin was identified 
spectrophotometrically, but was not determined quan-
titatively . 
Sausages and other processed meats have been re-
ported to cause methemoglobinemia (7) . Preservatives 
used in the preparation of sausage contain nitrites or 
nitrate salts, and the nitrates may be reduced to nitrites 
by bacteria or enzymes present in the meat. The U.S. 
Food and Drug Administration has set maximum al-
lowable nitrate and nitrite concentrations in food at 500 
ppm and 200 ppm, respectively as N03-N0 2. 
Nitrates in Leafy Vegetables 
Leafy vegetables such as spinach, cauliflower, cab-
bage and beets, have relatively high nitrate concen-
trations , and nitrate concentrations may be even higher 
because of certain fertilization practices. There have 
been several reports of methemoglobinemia following 
the consumption of spinach. However, studies have 
shown that the conversion of nitrates to nitrites during 
storage, rather than the nitrates themselves, was re-
sponsible for the development of methemoglobinemia 
(8). Animal studies have suggested that high-nitrate 
containing vegetables do not induce methemog-
lobinemia. Furthermore, it has been suggested that 
other compounds, possibly ascorbic acid, present in the 
leafy vegetables may provide protection against in vivo 
reduction of nitrates to nitrites (9). 
Cases of methemoglobinemia have also been re-
ported as a complication of silver nitrate therapy for 
burns (10) , and th e use of bismuth subnitrate in 
radiologic procedures (11). 
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Nitrates, Nitrites, N-Nitro so Compounds and Nutrition 
Constance Kies, Professor 
Dept. of Human Nutrition and Food Service Management 
While nitrates, nitrites and N-nitroso compounds are 
known to be related, that nutrition also may have some 
involvement is less well recognized. Nitrates are wide-
spread in food products and sometimes in water but are 
relatively harmless as such to the human (WHO, 1978). 
However, nitrates can be reduced under certain con-
ditions to nitrites either in food before being consumed 
or within the human body. High levels of nitrites, re-
gardless of source, can cause the blood abnormality , 
methemoglobinemia, and possibly other abnormalities. 
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Nitrites also can react with various nitrogen compounds 
to form potentially cancer-causing N-nitroso com-
pounds at almost any site within the gastro-intestinal 
tract (WHO, 1978) . 
Human Nutrition Involved 
Human nutrition becomes involved in the nitrate/ni-
trite/N-nitroso compound situation in several ways. 
These include: a. selection of foods and food patterns 
with low nitrate contents for those with concerns rela-
tive to high nitrate intake ; b. treatment and care of food 
within the home to reduce the transformation of ni-
trates to nitrites; and c. delineation of involvement of 
nutrients in, the conversion of nitrates to nitrites to 
N-nitroso compounds. 
Plant products vary in their nitrate content depend-
ing upon the plant species, the part of the plant used, 
amount of nitrate in the soil (either residue or fertiliza-
tion added) , water nitrate levels , other environmental 
factors , and agricultural practices (Wolff and Wasser-
man , 1972 ; WHO , 1978; Viets and Hageman , 1971 ; 
NRC, 1972). Some plant species naturally have a very 
high nitrate content. However, within the same species, 
nitrate content varies because of genetic make-up and 
the aforementioned environmental and agricultural 
practices. 
Nitrate in Food Products 
In general even food products which naturally con-
tain high levels of nitrates contain proportionally much , 
much lower amounts of nitrites. Nitrates ordinarily 
found in food products may be changed to nitrites 
through microbiological action. This can occur in fresh 
or cooked vegetables which are allowed to stand at 
room temperatures for extended periods of time or 
during storage of improperly processed food products 
(Hall and Hicks, 1977 ; Phillips, 1968). Several inci-
dences of methemoglobinemia have occurred in young 
infants fed spinach which was unrefrigerated (WHO, 
1978; Keating eta! ., 1973). 
Nitrates and nitrites are sometimes added to food 
products, particularly meats. In the United States, 
amounts permitted are subjected to careful regulation . 
Nitrites in cured meat products do offer benefits in pre-
venting growth of Clostridium botulinum, the toxin 
which causes the extremely serious type of food 
poisoning, botulism (WHO , 1978; Wolff, 1972). 
The amounts of nitrates or nitrites actually consumed 
are in part determined by the level of these substances 
in the specific foods consumed and in part by the 
amount and frequency of consumption of these foods 
(White, 1975). For example, spinach is one food that 
naturally contains high amounts of nitrates. However, 
typically , spinach isn' t eaten very often by most people 
or in very large amounts . Hence, for most people foods 
such as spinach and turnip greens which naturally have 
high nitrate contents do not contribute much nitrate to 
the diet simply because most people don' t eat them 
very often or in large quantities . However, fresh cab-
bage or iceberg lettuce which contain lower amounts of 
nitrates than do fresh spinach or turnip greens probably 
contribute a fairly large amount of nitrates to the diet of 
the typical Nebraskan because they are generally well 
liked and are eaten frequently by many people. 
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Water Contains Nitrate 
Water is a form of food which is consumed more 
frequently and in larger amounts than is any other food. 
For this reason, an elevation in the nitrate content of 
the water supply has a great impact on the total amount 
of nitrates consumed. 
Obviously, when a drinking water supply is found to 
have a high nitrate content, the most effective approach 
is to find out why and to eliminate the problem. This 
isn' t always possible. Other approaches include using 
bottled water or water purification systems. A third ap-
proach is to cut down on eating other nitrate foods so as 
to minimize the total , overall nitrate consumption . In 
Table 1, nitrate contents of some food products are 
listed . In Table 2 are some examples of high and low 
nitrate menus. These figures should only be viewed 
as estimates , not a bsolutes , since r a n g es in ni-
trate/nitrite content exist for all. Another problem in 
this approach is that it discourages the use of many 
food products which have positive nutritional attri-
butes as well as adding color, taste , and variety to 
meals. 
Food Preparation 
Food preparation procedures also have an impact 
upon the nitrate/nitrite problem (WHO , 1978). Obvi-
ously, addition of high nitrate or nitrite-containing 
water to a food product in its preparation will increase 
the nitrate/nitrite content of the final product. Heating 
of the water either before its addition or as part of the 
preparation procedure will not reduce the nitrate/nitrite 
content. Use of minimal level nitrate/nitrite water in the 
preparation of infant formulas or foods , as well as low-
nitrate food in general, is important since infants are 
prone to the sometimes fatal blood disorder, methe-
moglobinemia, caused by a high intake of nitrates/ni-
trites. 
Since methemoglobinemia is caused by nitrites , 
rather than nitrates , conversion of nitrates to nitrites in 
food preparation procedures should be avoided. Do not 
allow fresh vegetables to stand at room temperature for 
extended periods of time after being harvested. For this 
reason " fresh" vegetables purchased in grocery stores 
are usually higher in nitrite content than are their fro-
zen or canned counterparts . The latter are usually 
quickly processed following harvest allowing Jess time 
for conversion of nitrates to nitrites . Conventional 
home canning and freezing practices will minimize ni-
trate/nitrite conversion by eliminating or limiting mic-
robial action which is responsible for the change. 
Lack of Oxygen 
Methemoglobinemia is caused by the reaction of nit-
rites with the hemoglobin in red blood cells to form 
methemoglobin which lacks the oxygen-carrying ability 
Table 1. Nitrate contents of selected vegetables. a 
Food 
Artichoke (frozen) 
Asparagus (canned) 
Asparagus (fresh) 
Asparagus (frozen) 
Beans (dry) 
Beans, green (canned) 
Beans, green (frozen) 
Beans, lima (fresh) 
Beans, lima (frozen) 
Beans, snap (fresh) 
Beets (canned) 
Beets (fresh) 
Broccoli (fresh) 
Broccoli, spears (frozen) 
Broccoli, chopped (frozen) 
Brussel sprouts (frozen) 
Cabbage (fresh) 
Carrots (canned) 
Carrots (fresh) 
Carrots (frozen) 
Cauliflower (fresh) 
Cauliflower (frozen) 
Celery (fresh) 
Collard greens (canned) 
Collard greens (frozen) 
Com (frozen) 
Com (fresh) 
Cucumbers (fresh) 
Eggplant (fresh ) 
Endive (fresh) 
Kale (canned) 
Kale (frozen) 
Lettuce, iceberg (fresh) 
Lettuce, romaine (fresh) 
Melons, (fresh) 
Mushrooms (fresh) 
Mushrooms (whole canned) 
Mushrooms (sliced canned) 
Mustard greens (canned) 
Mustard greens (frozen) 
itrate content 
mg/ 1 OOg food 
1.2 
0.3 
2. 1 
1.6 
1.3 
10.0 
27.0 
5.4 
2.7 
25 .3 
145.0 
301.0 
78.3 
46.4 
57 .3 
8.4 
78.4 
20.5 
7.2 
9.7 
54.7 
25 .4 
234.0 
264.0 
245.0 
4.5 
4.5 
2.4 
30.2 
66.3 
277.0 
160.0 
110.0 
140.0 
43.3 
6.3 
1.7 
0.6 
136.0 
239.0 
of normal hemoglobin ·(Rodkey, 1978; WHO, 1978). 
This means that in methemoglobinemia, the blood lacks 
the ability to carry sufficient oxygen to individual cells 
of the body . Most adult humans have the ability to 
rapidly convert methemoglobin back to oxyhemoglo-
bin ; hence, the total amount of methemoglobin within 
red blood cells remains low in spite of relatively high 
levels of nitrate/nitrite intake. In the young infant, en-
zyme systems for reducing methemoglobin to 
oxyhemoglobin are incompletely developed; hence, 
methemoglobin within blood cells can build up with 
excessive nitrite intake and the forementioned serious 
condition of methemoglobinemia can occur. This also 
may happen in older individuals who genetically have 
impaired enzyme systems for the reduction of 
methemoglobin. 
Nitrates in the diet may be converted to nitrites in the 
mouth, the small and the large intestines. This may also 
occur in the stomach if the contents are insufficiently 
acidic (Tannenbaum et al. , 1976, WHO, 1978). Typi-
cally, the stomach contents of the infant are less acidic 
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Food 
Okra (frozen) 
Onions (fresh) 
Onions (chopped frozen) 
Onions (whole frozen) 
Okra (canned) 
Peas (fresh) 
Peas, green (frozen) 
Peas , green (canned) 
Pea pods, Chinese (frozen) 
Peas, blackeyed (frozen ) 
Peppers, sweet green (canned) 
Peppers, sweet (frozen) 
Pickles 
Potatoes (fresh) 
Potatoes, bash browns (frozen) 
Potatoes, small whole (frozen) 
Potatoes, whole (canned) 
Potatoes, sliced (canned) 
Radishes (fresh) 
Pumpkin (fresh) 
Salad, mixed (fresh) 
Sauerkraut (fresh) 
Sauerkraut (canned) 
Spinach (canned) 
Spinach (canned) 
Spinach (frozen ) 
Squash, accom (fresh) 
Squash, butternut (fresh ) 
Squash, zucchini (fresh) 
Squash, zucchini (frozen) 
Squash (frozen) 
Sweet peppers (fresh ) 
Sweet potatoes (fresh) 
Tomatoes (fresh) 
Turnip greens (frozen) 
Turnip greens (canned) 
1itrate content 
mgl l OOg food 
7.4 
13.4 
3.3 
12 .8 
0.2 
2.8 
2 .0 
0.6 
1.3 
0.9 
6.2 
5.0 
5.9 
11.9 
3.7 
15.0 
6.3 
6.9 
240.0 
41.3 
81.9 
19.1 
6.8 
57.3 
222.0 
21 4.0 
3.4 
67.8 
66.5 
53 .3 
16.0 
12.5 
5.3 
6.2 
346.0 
223.0 
3 Values given were converted from values reported by McNamara ei al. (1971), \Vhite 
( 1975) and Siciliano (1975). All values are mean values , which. in some cases, represent 
considerable ranges. Since analyses were done by different laborato ries at d ifferent times on 
diffe ren t samples, values should be considered more re lative than absolute. 
Table 2. Examples of high and low nitrate meals. 
High nitrate meals 
Example 1 
Spinach salad 
Sliced cold ham 
Whole wheat bread and butter 
Ice cream 
Milk 
Example 2 
French fried potatoes 
Frankfurter on bun 
Celery and radishes 
Chocolate cake 
Milk 
Example 3 
Beet salad 
Knotwurst and turnip greens 
Boiled potatoes 
Milk 
Apple pie 
Low nitrate meals 
Example 1 
Cucumber salad 
Sliced cold beef 
Whole wheat bread and butter 
Ice cream 
Milk 
Example 2 
French fried potatoes 
Ground beef patty on bun 
Pickles 
Chocolate cake 
Milk 
Example 3 
Pea salad 
Pork chops and sauerkraut 
Boiled potatoes 
Cherry pie 
Milk 
than are those of the adult which suggests another rea-
son for greater susceptibility of the infant to the dangers 
of high nitrate content. Both nitrates and nitrites may 
be absorbed into the body. Nitrates and nitrites which 
are absorbed may be excreted in the urine. Absorbed 
nitrates may also be recycled through the saliva where-
microbial action in the mouth changes it to nitrites , and 
it passes into the gastro-intestinal system. Thus, saliva is 
the major source of nitrites to the human, but this nit-
rite really is simply dietary nitrate that is being recycled. 
The effect of absorbed nitrate/nitrite content is unre-
solved (WHO, 1978) . Animal studies suggest that this 
transfer is relatively low; however, there is considerable 
variability among animal species. Thus, the question of 
degree of risk of pregnant women or nursing mothers 
consuming high nitrate water/diets is unknown. Since 
most parents or future parents do not favor assuming 
unknown risks for their children, nursing mothers and 
pregnant women are generally included on lists of indi-
viduals who should avoid high nitrate water. 
Carcinogenic Compounds 
Nitrates and nitrites which are not absorbed or which 
are recycled back into the gastrointestinal tract may 
undergo further transformation with amines or amides 
to form nitrosamines or nitrosamides (N-nitroso com-
pounds). Nitrosamines and nitrosamides are also found 
in small amounts in food and water; hence, may be 
directly consumed. These N-nitroso compounds may be 
absorbed into the body . The breakdown products of 
N-nitroso compounds or the N-nitroso compounds 
themselves for the most part are quickly removed from 
the body either in the urine or expired into the air 
(WHO , 1978). However, a high proportion of N-
nitroso compounds have been shown to be carcinogens. 
The organ affected seems to be related to species, spe-
cific N-nitroso compound tested, level of dosage, and 
length of time of exposure. 
Implications of the importance of N-nitroso com-
pounds in the incidence of human cancer has not been 
fully defined. In animal studies designed to determine 
whether or not a substance can cause cancer, pro-
portionally much higher levels of the test substance are 
fed than are realistically found in human diets . This is 
done in part because certain individuals within a human 
population may be far more susceptible to cancer trig-
gering agents than are others. While this technique is 
very useful and is scientifically sound, it sometimes 
causes another problem, that of over-concern . 
Nutrition has been found to influence the impact of 
the nitrate/nitrite/N-nitroso compound problem. How-
ever, research evidence on the role of specific nutrients 
is relatively slim. Ascorbic acid (Vitamin C) and fiber , 
substances often found in high nitrate vegetables , seem 
to hold some promise. 
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Ascorbic Acid May Help 
Ascorbic acid of all nutrients seemingly holds great-
est promise as a nitrate/nitrite/nitrosamine detoxifer. 
Production of carcinogenic N -nitroso compounds from 
nitrite and nitrosamines has been blocked under most 
but not all experimental conditions with ascorbate 
(Mirvish, et a/ ., 1972). Mutagenicity of fi sh extracts 
after incubation with nitrite also was prevented by as-
corbic acid additions (Marquardt eta/. , 1977) . Dietary 
ascorbic acid has been found sometimes to be associ-
ated with reduction but not elimination of methemog-
lobin in guinea pigs (Hathcock, 1976, 1975 ; Kilgore et 
a/ ., 1964; Stoewsand eta/ ., 1973). The effect of concur-
rent methionine supplementation with the ascorbic acid 
was found to reduce nitrite-induced methemog-
lobinemia to an even greater extent, suggesting a pro-
tein involvement in the detoxification process. Nitrites 
have also been found to increase the ascorbic acid re-
quirement of the guinea pig (Hathcock, 1975, 1976) . 
These results imply that the common practice of 
addition of ascorbic acid to cured meats for color en-
hancement might have unforeseen beneficial effects 
relative to the nitrate/nitrite problem. Furthermore, 
these results imply that individuals consuming marginal 
or inadequate amounts of ascorbic acid might be par-
ticularly susceptible to nitrate/nitrite hazards . Nitrate/ 
nitrite toxic-prone individuals, including those with low 
stomach acidity such as young infants or individuals 
receiving selected medications, might also receive some 
protection via ascorbic acid dietary additions. 
As previously mentioned, methionine in combination 
with ascorbic acid reduced incidence of methemog-
lobinemia in guinea pigs. A news release describing 
work by S.R. Tannenbaum suggests that increases in 
dietary nitrogen (protein) increases synthesis of nit-
rites in the upper, aerobic portion of the intestines of 
adult humans (Anonymous, 1978) . Earlier reports 
sought to define nitrate to nitrate conversion in hu-
man saliva (Eisenbrand and Preussman, 1976; Tan-
nenbaum eta/., 1976). 
Other reports suggest that increases in dietary fiber 
offer a protection against possible carcinogenic effects 
of nitrosamines by acting as a diluent since fecal bulk is 
increased, decreasing time exposure of intestinal sur-
face to carcinogens by decreasing fecal transit time, or 
by surface absorption of carcinogen on fiber materials 
(Burkitt eta/. , 1971 ; Kies and Fox eta/ ., 1978). Possi-
ble interactions of nitrates/nitrites with vitamins E , A 
and D have also been suggested (Maneschu et a!. , 
1975). 
Nutrition Can Help 
In conclusion, for individuals living with a high ni-
trate water problem, nutrition cannot be expected to 
completely overcome the difficult situation . Young in-
fants, pregnant and nursing women are groups of par-
ticular concern . 
Of more practical concern to the consumer relative to 
the nitrate/nitrite problem are food selection and prep-
aration procedures within the home. Hazards associ-
ated with high nitrogen fertilization such as of home 
gardens, use of high nitrate/nitrite foods or possible 
conversion of nitrates to nitrites in high nitrate-con-
taining vegetables due to improper food handling are 
situations with which the consumer should be aware. 
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Nitrate Toxicity in Livestock 
Robert A. Britton 
Associate Professor (Ruminant Biochemist) 
Animal Science 
Nitrate is a normal part of the nitrogen cycle in na-
ture and is relatively nontoxic. Nitrite formed by re-
ducing nitrate is quite toxic. The term nitrate toxicity , 
although not entirely correct , will be used in this report. 
Nitrate toxicity results from over-ingestion of nitrate or 
nitrite in feedstuffs , water, ingestion of nitrate fertilizer 
or a combination of these factors. 
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Plants absorb nitrate from soils. After absorption, 
plant nitrate is reduced to nitrite by nitrate reductase. 
The nitrite is reduced to ammonia by nitrite reductase. 
Nitrite and ammonia are as toxic to plants as they are to 
animals , therefore, their levels need to be controlled in 
the plant. This is accomplished by having the nitrate 
converted to nitrite rather slowly. The resulting low 
levels of mtnte and subsequently ammonia are not 
harmful to the plant. The ammonia is used for amino 
acid and protein synthesis in the plant. 
Le-vels of Nitrates 
Levels of nitrates found in plants vary according to 
plant and environmental factors. The major plant fac-
tors are species, plant part, and stage of maturity . Cer-
tain weeds , such as lambsq uarters , pigweed , and 
puncture vine accumulate high levels of nitrate. Corn, 
sorghum, millet and sudangrass will also accumulate 
nitrates. Perennial grasses and legumes are usually not 
important nitrate accumulators . Nitrate is located in the 
stalk with very little being found in the leaf, seeds , or 
grain. Nitrate levels in stalk are highest in the area 
closest to the soil and lowest in the top of the stalk. 
Nitrates are usually highest in young plants and de-
crease with increasing maturity . 
Environmental conditions that enhance nitrate levels 
in plants are generally those that interfere with the 
growth of the plant without diminishing nitrate uptake 
by the root. These factors include drought, herbicide or 
frost damage, disease, and shading. Rate of fertilization 
is also a major factor. 
Drought and frost can lead to nitrate accumulations 
in plants. Frost, hail , drought, or low temperature usu-
ally damages leaves. Reducing leaf area impairs the 
plant' s ability to reduce nitrate and convert it to pro-
tein . Temperatures of 55°F or less inhibit nitrate reduc-
tion in leaves. Herbicides can cause short term in-
creases in plant nitrates by interfering with the plant 
growth systems, but herbicide treatment also may kill 
aitrate accumulating weeds . Plant diseases can also 
have profound effects on nitrate accumulation . North-
ern leaf blight in corn can raise nitrate concentrations 
3-fold in the plants. Shade increases plant nitrate levels 
because light is required for nitrate reduction to occur. 
Periods of cloudiness or location in dense stands can 
increase plant nitrates but shading is generally a minor 
factor compared to the other environmental factors dis-
cussed. Generally, any condition which will interfere 
with leaf function and not harm the root system of the 
plant will increase nitrate levels . 
Health Hazards 
Health hazards and economic losses resulting from 
the ingestion of nitrates and nitrites by man and animals 
results from total nitrate intake. There is nothing to 
show that nitrate from water is more harmful than ni-
trate found in plants. Therefore, total nitrate intake 
from all sources is the important criteria. 
The toxic agent, as mentioned earlier, is nitrite rather 
than nitrate. Nitrates are converted to nitrites by bac-
teria in the rumen. Nitrites are absorbed from the 
rumen or stomach into the blood stream and react with 
hemogloblin to form methemoglobin. Methemoglobin 
cannot transport oxygen . Acute toxicity or lethal effects 
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occur when 80 to 90 percent of the hemoglobin is con-
verted to methemoglobin. Because of the blood' s re-
duced ability to bring oxygen to body tissues the animal 
suffocates. Levels of NOJ-N needed to cause toxicity in 
animals vary according to the level and type of feed as 
well as the method of administration of the nitrate. 
Species of animal is also a factor. Monogastrics, such as 
pigs, are much less susceptible to nitrate toxicity than 
ruminant animals such as cattle or sheep. A toxic dose 
of nitrate for ruminants, when put directly in the rumen 
of animals fed poor quality hay was 75-90 mg NOJ-
N/kg body weight. 
Ruminant animals are considerably more resistant to 
nitrate toxicity when they are ingesting a source of 
readily fermentable carbohydrates or have been 
adapted to nitrates. Rumen fluid from sheep adapted to 
nitrate reduced nitrate to ammonia more readily than 
unadapted sheep. What this means is much less nitrate 
accumulates in the rumen than can be absorbed and 
cause toxicity. 
Nitrate toxicity for monogastric animals is related to 
its reduction to nitrite before ingestion. Monogastrics 
are quite tolerant to high nitrate levels. Pigs adminis-
tered with 300 mg NOJ-N/kg body weight directly into 
the stomach were poisoned. The cause of death was not 
the typical methemoglobinemia, but rather gastric 
hemorrhages. Nitrite, on the other band , is quite toxic 
to monogastrics (12 mg N02-N/kg body weight) . Work 
reported from South Dakota indicated pigs consuming 
water containing 300 ppm NOJ-N (total consumption 
1.18 gm NOJ-N per day) had no detrimental effects on 
performance. 
Symptoms of Toxicity 
Symptoms of nitrate toxicity are dark brown or 
chocolate colored blood, excess salivation, loss of coor-
dination, vomiting, abdominal pain , diarrhea, cyanotic 
(blue) mucous membranes, rapid weak pulse and low 
tolerance to exercise. Clinical signs may appear at levels 
of 30 to 40 % methemoglobin . Death can occur at 80 to 
90 % methemoglobin. Diagnosis and treatment should 
be made by a veterinarian . Treatment usually consists 
of intraveneously infusing methylene blue . The 
methylene blue converts the methem~globin back to 
hemoglobin and negates the toxicity. 
An important question in this area is whether there 
are effects on animal performance from low levels or 
chronic nitrate ingestion . Four areas of concern have 
surfaced: a. reproductive problems, b. vitamin A de-
struction , c. intake depression, and d. disrupting thyroid 
function . 
Acute nitrate toxicity has caused abortions in rumin-
ants. These abortions occur when methemoglobin 
levels approach 80-90 %. Pregnant cows with 
methemoglobin levels of 40-50 % showed no effects on 
maintenance of pregnancy . Levels of 300 ppm NOJ-N 
in the drinking water or .07 % NOJ-N in the feed had no 
ill effects on reproductive performance in swine. The 
effects of nitrate or nitrite on reproductive performance 
of dams appears to be only important when the 
methemoglobin levels approach 80-90 %. 
Nitrate has been implicated as causing Vitamin A 
deficiencies in animals. Nitrate does not destroy vita-
min A , but nitrite under acidic conditions found in the 
stomach can cause destruction of vitamin A and 
carotene. It does not affect vitamin A utilization after 
absorption. In view of the types of diets fed to pigs 
(feed grains contain essentia!Jy no nitrate or nitrite) it is 
difficult to imagine practical situations in which these 
animals would be exposed to nitrite for long enough 
periods to cause a vitamin A deficiency. Nitrite can 
destroy vitamin A in both the rumen and abomasum, 
but it has been very difficult experimentally to produce 
a vitamin A deficiency by feeding nitrates to ruminants. 
Nitrate can be reduced to nitrite or silo gases in forages 
during ensiling. Both nitrite and silo gases destroy vit-
amin A and carotenes, so animals fed these silages 
should get dietary supplements of vitamin A . Subacute 
or low level nitrate in feeds or water causes no general 
problem of vitamin A storage. 
Reductions in feed intake and performance have 
been demonstrated in ruminants. Forages used were 
generally about .25 % NOJ-N which approaches toxicity 
levels for ruminants . In a large number of research 
studies levels of nitrate encompassing a wide range 
have been fed to most classes of livestock with no nega-
tive effects. 
Thyroid glands of animals fed nitrate or nitrite were 
enlarged. These effects were short lived (2 to 4 weeks) 
and easily overcome with additional iodine in the diet. 
In general , preformance problems associated with 
chronic nitrate ingestion have been hard to measure 
and often contradictory reports appear in the literature. 
Producer Tips 
In conclusion, nitrate toxicity is sti!J a problem to 
producers. The most important part of the problem re-
lates to the acute toxicity. Relatively little evidence has 
accumulated that implicates subacute or chronic nitrate 
toxicity as being important. 
Dilute high nitrate feeds with known low nitrate 
sources such as grain, grass hay, legumes or nitrate 
tested forages . Don' t allow hungry animals access to 
high nitrate forages and allow ruminants to adapt 
slowly to high nitrate forages. 
Nitrates and Animal Health 
Alex Hogg 
Extension Veterinarian 
Water quality standards of nitrate-nitrogen recom-
mended for human consumption are impractical and 
uneconomical for livestock or poultry water supplies. 
Table 1 gives the maximum limits of nitrate-nitrogen 
recommended for human and livestock consumption by 
three government agencies. 
Common sources of nitrate poisoning are plants such 
as pigweed , kochia, sorghum-sudan hybrids and com 
plants. This is particularly true when plants are grown 
under adverse conditions such as high-nitrate fertiliza-
tion , drought, or are sprayed with sublethal amounts of 
herbicides such as 2,4-D. 
Nitrates are quite stable in dry forages but will be 
reduced about 50 % by the ensiling process. 
Cattle More Susceptible 
Acute nitrate poisoning is much more likely to occur 
in cattle than in swine and is nearly always due to ni-
trate in forage rather than nitrate in drinking water. 
Table 1. Limits of nitrate-nitrogen recommended for human and 
livestock consumption.a,b,c 
NITRATE-N 
(PPM) 
U.S. EPA' 
(for humans) 
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a .S. Envi ronmental PrOtection Agency. 
bNational Academy of Sciences. 
ccouncil for Agricultural Science and Technology. 
CAST" 
100 300 
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Nitrate in feed and water are additive and both sources 
should be considered when evaluating a toxicity situa-
tion . 
Acute poisoning in cattle occurs one-half to four 
hours after the ingestion of 0.5 gram nitrate nitrogen 
per kilogram of body weight or may be delayed for five 
to eight days. 
Clinical signs can be noted when 30 to 40 % of the 
hemoglobin has been converted to methemoglobin and 
death comes at 80-90 % levels of methemoglobin . 
Stress speeds death so affected animals should be han-
dled slowly and gently. 
Signs of Poisoning 
Clinical signs of nitrate poisoning are those of lack of 
oxygen and are: 
Labored breathing 
Cyanosis (mucous membranes are blue) 
Rapid heart beat 
Blood -chocolate-brown color before death and 
about 2 hours after death 
Recovered pregnant cows may abort several days 
later 
Death- several hours to 12-24 hours after the 
beginning of clinical signs. 
Diagnosis is by clinical signs, postmortem lesions and 
laboratory analyses. 
The following can be analyzed for nitrate and nitrite: 
Rumen or stomach contents 
Plasma 
Serum 
Urine 
Forage 
Water 
Treatment is the intravenous injection of methylene 
blue at the rate of 2 milligrams per lb of body weight. In 
addition, pumping several gallons of ice water contain-
ing antibiotics into the rumen to inhibit the bacteria 
which convert nitrate to nitrite may be beneficial. 
CAUTION: An overdose of methylene blue also pro-
duces methemoglobin and should be avoided . 
Acute nitrate poisoning in animals may be expected 
when nitrate-nitrogen exceeds 345 ppm in water or 
0.23 % nitrate-nitrogen in forage (dry weight basis) . 
The bulk of the evidence indicates that chronic ni-
trate poisoning is very rare and difficult to substantiate. 
On the other hand, moderate levels of nitrate in water 
continues to be incriminated in several animal health 
problems. 
The following health problems have been cited as 
being the result of chronic nitrate poisoning: 
1. Poor growth rate 
2 . Abortion 
3. Infertility 
4. Vitamin A deficiency 
5. Interference with iodine deficiency 
6. Higher susceptibility to infection. 
However, experimental evidence to substantiate 
these claims is lacking. 
Prevention 
1. Test forage before feeding. Remember that en-
siling will remove about 50 % of the nitrate so perform 
the test just before starting to feed the ensilage. 
2 . Gradually introduce the high nitrate forage-
ruminants do adapt to higher levels of nitrate. 
3. Dilute high nitrate feed with other feeds such as 
alfalfa hay or grain. 
4. Be sure drinking water does not contain more 
than 345 ppm of nitrate-nitrogen. 
5. When cutting high nitrate forage raise the cutter 
bar and leave the lower stalks in the field . 
6. Watch animals for the signs of toxicity which are 
rapid breathing and pulse, staggering, muscle tremors 
and dilated pupils . 
7. Call your veterinarian immediately if you observe 
signs of nitrate toxicity. Remember treatment is avail-
able and to wait could mean several dead animals . 
Home Treatment Alternatives 
for the Removal of 
Nitrate from Drinking Water 
WiUiam A. Lee, Public Health Engineer 
State Health Department 
Deon D. Axthelm, Water Resources Specialist 
Institute of Agriculture and Natural Resources 
Nitrate can be removed from drinking water by three 
methods: distillation, reverse osmosis, and deioniza-
tion. Home treatment equipment utilizing these proces-
ses is available from several manufacturers. The deci-
sion to buy a home treatment unit should not be made 
on the basis of a field test for nitrate in the water sup-
ply, but should be based upon an analysis by a reputa-
ble laboratory. Samples may be submitted to the State 
Health Department Laboratory or to one of several 
commercial laboratories. 
Distillation 
The distillation process involves heating the water to 
boiling and collecting and condensing the steam by 
means of a metal coil . Most impurities remain in the 
heating tank . Nitrate reduction of up to 99 % can be 
obtained through this process. 
Merely boiling water will increase rather than de-
crease the nitrate concentration . Pure water is obtained 
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by collecting and condensing the steam which is gener-
ated as water is boiled. 
The type of container used to store distilled water is 
important. First, the container must be sanitary, other-
wise the water will become contaminated. Second , 
water which has been treated by an efficient, properly 
operated distillation unit is essentially mineral free. It 
is, therefore , highly corrosive. The container in which 
the water is stored must therefore be resistant to corro-
sion . Stainless steel is commonly used but glass contain-
ers may also be used. 
Reverse Osmosis 
Reverse osmosis, as the name implies, is the opposite 
to the natural process of osmosis. In osmosis, if water 
containing a high concentration of mineral impurities is 
separated from water containing a lower concentration 
of impurities by a semipermeable membrane, the water 
from the solution of lower concentration will move 
through the membrane to the solution of higher con-
centration of impurities. In the process of reverse os-
mosis pressure is applied to the impure water forcing 
the higher concentration water in a reverse direction 
through the membrane. As the water passes through, 
the membrane filters out most of the impurities. Ac-
cording to manufacturers' literature, from 85-95 % of 
the nitrate can be removed by this process. Actual re-
moval rates, however, may vary somewhat depending 
upon the quality of the water. 
A disadvantage of this method is that only about 
30 % of the water entering the reverse osmosis unit is 
recovered as treated water. The remaining 70 % is dis-
charged as waste along with the impurities which have 
been removed from the product water. The disposal of 
the waste water must be considered when a reverse 
osmosis unit is to be installed. Efficiency of a reverse 
osmosis unit can usually be increased by softening the 
water before treatment. 
Some pressure is required to force the water in the 
reverse direction through the semipermeable mem-
brane. Most home units operate under a pressure of 
about 200 lb per sq. inch . A pump included in the unit 
develops this pressure. There are also units available 
which operate under normal househould water 
pressure. These units have a lower nitrate removal effi-
ciency but may be useful when a high level of removal is 
not required. 
Deionization 
The process of deionization utilizes the principle that 
impurities in water consist of chemical ions each con-
taining a small electrical charge. The water is passed 
through a treatment tank filled with a bead-like resin. 
The resin contains the opposite charge to the impurity 
to be removed . Ions of opposite charge are attracted to 
the resin and will remain with the resin as the water 
passes through the unit . It is usually necessary for ni-
trate removal to soften water before passing it through 
a deionization unit. 
Establish Need 
All of the methods described here for the removal of 
nitrate are relatively expensive. The need for nitrate 
removal should be definitely established before invest-
ing in equipment. Equipment should be purchased only 
through reputable dealers and manufacturers. 
Regardless of the quality of equipment purchased, it 
will not perform satisfactorily unless maintained in ac-
cordance with the manufacturers recommendations . 
Impurities must be drained from distillation units and 
the unit cleaned on the schedule recommended by the 
manufacturer. A reverse osmosis unit requires that the 
pump operate at the proper pressure and that the 
membrane be changed periodically. When deionization 
units are used, the resin must be changed on schedule. 
Failure to do so will result in a finished product with a 
higher nitrate concentration than the raw water. Resin 
tanks are changed by the manufacturer under a mainte-
nance agreement. 
Bottled water (not a home treatment) can be pur-
chased in stores or direct from bottling companies. 
Users should assure themselves of a nitrate content and 
the general quality and bacterial purity of the product 
purchased. In all cases, the product water used must be 
handled and stored in a manner to prevent contamina-
tion. 
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